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including a Raman fiber amplifier RFA, a dynamic gain
equalizer DGE, a filter, an erbium-doped fiber amplifier
EDFA, an RFA gain controller, an EDFA gain controller,
and an optical amplifier controller. The RFA gain control-
ler is connected to the RFA, the RFA gain controller is
further connected to the filter, and the filter is connected
to an output terminal of the RFA. The EDFA gain con-
troller is connected to the EDFA. The optical amplifier
controller is connected to the RFA gain controller, and
the optical amplifier controller is further connected to the
EDFA gain controller. The RFA is connected to the DGE,
and the DGE is further connected to the EDFA. The op-

tical amplifier controller is configured to send a first in-
struction to the RFA gain controller, send a second in-
struction to the EDFA gain controller, and send a DGE
control instruction to the DGE. The RFA and the EDFA
are configured to amplify an optical signal. The RFA gain
controller is configured to control the RFA to adjust a gain
according to the first instruction. The EDFA gain control-
ler is configured to control the EDFA to adjust a gain
according to the second instruction. The DGE adjusts
insertion loss according to the DGE control instruction.
The filter is configured to filter an amplified spontaneous
emission ASE signal produced in an optical amplification
process of the RFA.
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Description

[0001] This application claims priority to Chinese Pat-
ent Application No. 2019109264671, filed with the China
National Intellectual Property Administration on Septem-
ber 27, 2019 and entitled "OPTICAL AMPLIFIER AND
GAIN ADJUSTMENT METHOD FOR OPTICAL AMPLI-
FIER", which is incorporated herein by reference in its
entirety.

TECHNICAL FIELD

[0002] This application relates to the field of optical
communications, and in particular, to an optical amplifier
and a gain adjustment method for an optical amplifier.

BACKGROUND

[0003] Power equalization is an important technology
in wavelength division multiplexing (Wavelength Division
Multiplexing, WDM) systems. After a WDM signal with
an unequalized gain passes through an optical amplifier
(Optical Amplifier, OA), the unequalized gain may be am-
plified. For example, for a long-haul transmission system
including a plurality of cascaded erbium-doped fiber am-
plifiers (Erbium-Doped Fiber Amplifiers, EDFAs), power
of a signal with a specific wavelength may decrease or
even cannot be detected, resulting in a decrease in a
signal-to-noise ratio and an increase in a bit error rate.
Unequalized signal power is mainly caused by an uneven
gain spectrum of an optical amplifier, thatis, unequalized
gains for signals with different wavelengths. Therefore,
power equalization of a WDM system can be achieved
by gain flattening for an optical amplifier.

[0004] A gainflattening filteris a band-stop optical filter
used in an optical amplifier to flatten a gain spectrum.
Currently, gain flattening filters mainly include two types:
a fixed gain flattening filter (Gain flattening filter, GFF),
and a dynamic gain flattening filter (Dynamic Gain Flat-
tening Filter, DGFF) or a dynamic gain equalizer (Dy-
namic Gain Equalizer, DGE).

[0005] The fixed gain flattening filter features, for ex-
ample, simple structure, low loss, and low loss, and has
been widely used in commercial optical amplifiers. How-
ever, because a ripple (a gain difference between max-
imum and minimum gains in a range of operating wave-
lengths) of a gain spectrum of a currently widely used
Raman fiber amplifier (Raman Fiber Amplifier, RFA) var-
ies with a gain, the fixed gain flattening filter cannot
achieve gain spectrum flattening at different gains. Cur-
rently, two stages of EDFAs connected to a fixed gain
flattening filter and a variable optical attenuator (Variable
Optical Attenuator, VOA) are used to achieve gain spec-
trum flattening for the Raman fiber amplifier. However,
the addition of the VOA accelerates noise figure (Noise
Figure, NF) degradation of a hybrid optical amplifier at a
lower gain. ADGFF/DGE is mainly implemented by using
technologies such as 1 x 1 wavelength selective switch-
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ing (Wavelength Selective Switching, WSS), a cascaded
fiber Bragg grating (Fiber Bragg Grating, FBG), and a
lattice filter, and a filter transfer function may be dynam-
ically tunable by using amechanical means, thermo-optic
and electro-optic effects, and the like. Currently, a new
optical amplifier using a DGFF/DGE is urgently needed
to improve gain flatness and noise performance of the
optical amplifier.

SUMMARY

[0006] In view of this, embodiments of this application
provide an optical amplifier and a gain adjustment meth-
od for an optical amplifier, to improve gain flatness and
noise performance of the optical amplifier.

[0007] According to a first aspect, an embodiment of
this application provides a hybrid optical amplifier, where
the hybrid optical amplifier includes: a first amplifier, a
second amplifier, a DGE, and a control center; the first
amplifier, the DGE, and the second amplifier are sequen-
tially connected; and the control center includes a first
controller and a second controller. The first controller in-
cludes a first input terminal, a second input terminal, and
a first output terminal, where the first input terminal is
configured to receive input optical signal information of
the first amplifier, the second input terminal is configured
to receive output optical signal information of the first
amplifier, the first output terminal is configured to output
afirst amplification control signal to the first amplifier, and
the first amplifier performs gain adjustment based on the
first amplification control signal. A principle of adjustment
by the second controller is similar to that of adjustment
by the first controller, and a second output terminal of the
second controller outputs a second amplification control
signal to the second amplifier. The control center obtains
an adjustment control signal by means of calculation
based on inputs and outputs of the first controller and the
second controller, and outputs the adjustment control sig-
nal to the DGE through a third output terminal. The DGE
adjusts an insertion loss curve of the DGE based on the
adjustment control signal.

[0008] According to a second aspect, an embodiment
of this application provides a hybrid optical amplifier, in-
cluding a Raman fiber amplifier RFA, a dynamic gain
equalizer DGE, afilter, afirsterbium-doped fiberamplifier
EDFA, an RFA gain controller, a first EDFA gain control-
ler, and an optical amplifier controller, where

the RFA gain controller is connected to the RFA, the
RFA gain controller is further connected to the filter,
and the filter is connected to an output terminal of
the RFA; the EDFA gain controller is connected to
the first EDFA;

the optical amplifier controller is connected to the
RFA gain controller, and the optical amplifier con-
trolleris further connected to the first EDFA gain con-
troller; and the RFA is connected to the DGE, and
the DGE is further connected to the first EDFA;
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the optical amplifier controller is configured to send
a first instruction to the RFA gain controller, send a
second instruction to the first EDFA gain controller,
and send a DGE control instruction to the DGE; the
RFA and the first EDFA are configured to amplify an
optical signal, and the RFA gain controller is config-
ured to control the RFA to adjust a gain according
to the first instruction; the first EDFA gain controller
is configured to control the first EDFA to adjusta gain
according to the second instruction; and the DGE
adjusts insertion loss according to the DGE control
instruction; and

the filter is configured to filter an amplified sponta-
neous emission ASE signal produced in an optical
amplification process of the RFA.

[0009] In a possible design, the optical amplifier con-
troller determines an on-off gain of the RFA based on the
ASE signal, where the on-off gain is a ratio of output
signal power with a pump of the RFA being on to output
signal power with the pump being off.

[0010] Ina possible design, the controlling, by the RFA
gain controller, the RFA to adjust a gain according to the
first instruction sent by the optical amplifier controller in-
cludes: receiving, by the RFA gain controller, the first
instruction sent by the optical amplifier controller; and
sending, by the RFA gain controller, a first pump control
signal to the RFA according to the first instruction, so that
the RFA adjusts a pump current based on the first pump
control signal.

[0011] In a possible design, the controlling, by the first
EDFA gain controller, the first EDFA to adjust a gain ac-
cording to the second instruction sent by the optical am-
plifier controller includes: receiving, by the first EDFA
gain controller, the second instruction sent by the optical
amplifier controller; and sending, by the first EDFA gain
controller, a second pump control signal to the first EDFA
according to the second instruction, so that the first EDFA
adjusts a pump current based on the second pump con-
trol signal.

[0012] Inapossible design, the optical amplifier further
includes a second EDFA and a second EDFA gain con-
troller, where the second EDFA is connected between
the RFA and the DGE, or the second EDFA is connected
between the DGE and the first EDFA; and the second
EDFA is connected to the second EDFA gain controller,
and the second EDFA gain controller controls the second
EDFA to adjust a gain, according to a fourth instruction
sent by the optical amplifier controller.

[0013] Inapossible design, the controlling, by the sec-
ond EDFA gain controller, the second EDFA to adjust a
gain, according to the fourth instruction sent by the optical
amplifier controller includes: receiving, by the second
EDFA gain controller, the fourth instruction sent by the
optical amplifier controller; and sending, by the second
EDFA gain controller, a third pump control signal to the
second EDFA according to the fourth instruction, so that
the second EDFA adjusts a pump current based on the
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third pump control signal.

[0014] Inapossible design, the optical amplifier further
includes a gain flattening filter GFF, and the GFF is con-
figured to narrow an adjustment range of the insertion
loss of the DGE.

[0015] In a possible design, the RFA gain controller is
further configured to send a first feedback message to
the optical amplifier controller, and the first feedback
message includes an actual gain value of the RFA; the
first EDFA gain controller is further configured to send a
second feedback message to the optical amplifier con-
troller, and the second feedback message includes an
actual gain value of the first EDFA.

[0016] In a possible design, the optical amplifier con-
troller obtains an insertion loss value of the DGE based
on the actual gain value of the RFA and the actual gain
value of the first EDFA, and the insertion loss value of
the DGE is a value obtained by subtracting a target gain
value of the hybrid optical amplifier from a sum of the
actual gain value of the RFA and the actual gain value
of the first EDFA.

[0017] The DGE-based hybrid optical amplifier provid-
ed in this embodiment of this application resolves the
problem of an uneven gain in a dynamic gain adjustment
process of a cascade of two types of optical amplifiers
that are a Raman fiber amplifier and an erbium-doped
fiber amplifier, significantly improves noise performance
of the amplifier, and reduces additional loss caused by
the use of a GFF and a VOA in an existing technical
solution.

[0018] According to a third aspect, an embodiment of
this application provides a gain adjustment method for a
hybrid optical amplifier, where the method is applied to
any hybrid optical amplifier according to the second as-
pect, and the method includes:

determining a target gain value of the hybrid optical
amplifier;

adjusting an actual gain value of an RFA and/or an
EDFA, and when a sum of the actual gain value of
the RFA and the actual gain value of the EDFA is
greaterthanthe target gain value of the hybrid optical
amplifier, determining an actual insertion loss value
of a DGE; and

sending a DGE control instruction to the DGE, so
that insertion loss of the DGE reaches the deter-
mined actual insertion loss value of the DGE.

[0019] In a possible design, the actual insertion loss
value of the DGE is a value obtained by subtracting the
target gain value of the hybrid optical amplifier from a
sum of the actual gain value of the RFA and the actual
gain value of the EDFA.

[0020] In a possible design, the adjusting an actual
gain value of an RFA and/or an EDFA includes:
sending, by an optical amplifier controller, a first instruc-
tion to the RFA gain controller and/or sending a second
instruction to the EDFA gain controller; generating, ac-
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cording to the first instruction, a first pump control signal
to adjust the actual gain value of the RFA; and generating,
according to the second instruction, a second pump con-
trol signal to adjust the actual gain value of the EDFA.
[0021] According to a fourth aspect, an embodiment
of this application further provides an optical amplifier
controller, applied to any hybrid optical amplifier accord-
ing to the second aspect, and the optical amplifier con-
troller includes: a sending module, a receiving module,
and a calculation module, where

the sending module is configured to send a control
instruction to adjust a pump current of an RFA or an
EDFA;

the receiving module is configured to receive a first
feedback message and a second feedback mes-
sage, where the first feedback message includes an
actual gain value of the RFA, and the second feed-
back message includes an actual gain value of the
EDFA;

the calculation module is configured to determine an
actual insertion loss value of a DGE based on the
actual gain value of the RFA and the actual gain val-
ue of the EDFA; and

the sending module is further configured to send a
DGE control instruction, so that insertion loss of the
DGE reaches the determined actual insertion loss
value of the DGE.

[0022] In a possible design, the determining, by the
calculation module, an actual insertion loss value of a
DGE based on the actual gain value of the RFA and the
actual gain value of the EDFA may specifically include:
determining, by the calculation module, whether a sum
of the actual gain value of the RFA and the actual gain
value of the EDFA is greater than a target gain value of
the optical amplifier: when the calculation module deter-
mines that the sum of the actual gain value of the RFA
and the actual gain value of the EDFA is greater than the
target gain value of the hybrid optical amplifier, the actual
insertion loss value of the DGE is a value obtained by
subtracting the target gain value of the hybrid optical am-
plifier from the sum of the actual gain value of the RFA
and the actual gain value of the EDFA.

[0023] In a possible design, the sending, by the send-
ing module, a control instruction to adjust a pump current
of an RFA or an EDFA may specifically include:
sending, by the sending module, a first instruction to an
RFA gain controller, and/or sending a second instruction
to an EDFA gain controller, where the first instruction is
used to generate a first pump control signal to adjust the
actual gain value of the RFA; and the second instruction
is used to generate a second pump control signal to ad-
just the actual gain value of the EDFA.

[0024] According to a fifth aspect, an embodiment of
this application provides a gain controller, applied to any
hybrid optical amplifier according to the second aspect,
and the gain controller includes: a receiving module, a
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calculation module, and a sending module, where

the receiving module is configured to receive a con-
trol instruction;

the calculation module is configured to generate a
pump control signal according to the control instruc-
tion, where the pump control signal is used to adjust
a pump current of an RFA and/or an EDFA; and
the sending module is configured to send the pump
control signal.

[0025] In a possible design, the sending module is fur-
ther configured to send a first feedback message to an
optical amplifier controller, or send a second feedback
message to the optical amplifier controller, where the first
feedback message includes an actual gain value of the
RFA, and the second feedback message includes an ac-
tual gain value of the EDFA.

[0026] According to a sixth aspect, an embodiment of
this application further provides an optical amplifier con-
troller, applied to any hybrid optical amplifier according
to the second aspect, and the optical amplifier controller
includes: an input interface, a circuit, and an output in-
terface, where

the output interface is configured to output a control
instruction to adjust a pump current of an RFA or an
EDFA;

the inputinterface is configured to obtain a first feed-
back message and a second feedback message,
where the first feedback message includes an actual
gain value of the RFA, and the second feedback
message includes an actual gain value of the EDFA,;
the circuit is configured to determine an actual inser-
tion loss value of a DGE based on the actual gain
value of the RFA and the actual gain value of the
EDFA; and

the output interface is further configured to output a
DGE control instruction, so that insertion loss of the
DGE reaches the determined actual insertion loss
value of the DGE.

[0027] In a possible design, the determining, by the
circuit, an actual insertion loss value of the DGE based
on the actual gain value of the RFA and actual gain value
of the EDFA may specifically include:

determining, by the circuit, whether a sum of the actual
gain value of the RFA and the actual gain value of the
EDFA is greater than a target gain value of the optical
amplifier: when the circuit determines that the sum of the
actual gain value of the RFA and the actual gain value
of the EDFA is greater than the target gain value of the
hybrid optical amplifier, the actual insertion loss value of
the DGE is a value obtained by subtracting the target
gain value of the hybrid optical amplifier from the sum of
the actual gain value of the RFA and the actual gain value
of the EDFA.

[0028] In a possible design, the sending, by the output
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interface, a control instruction to adjust a pump current
of an RFA or an EDFA may specifically include:
sending, by the output interface, a first instruction to an
RFA gain controller, and/or sending a second instruction
to an EDFA gain controller, where the first instruction is
used to generate a first pump control signal to adjust the
actual gain value of the RFA; and the second instruction
is used to generate a second pump control signal to ad-
just the actual gain value of the EDFA.

[0029] According to a seventh aspect, an embodiment
of this application further provides a gain controller, ap-
plied to any hybrid optical amplifier according to the sec-
ond aspect, and the gain controller includes: an input
interface, a circuit, and an output interface, where

the input interface is configured to obtain a control
instruction;

the circuit is configured to generate a pump control
signal according to the control instruction, where the
pump control signal is used to adjust a pump current
of an RFA and/or an EDFA; and

the output interface is configured to output the pump
control signal.

[0030] In a possible design, the output interface is fur-
ther configured to output a first feedback message to an
optical amplifier controller, or output a second feedback
message to the optical amplifier controller, where the first
feedback message includes an actual gain value of the
RFA, and the second feedback message includes an ac-
tual gain value of the EDFA.

[0031] According to an eighth aspect, an embodiment
of this application provides a chip, including a memory
and a processor. The memory is configured to store a
computer program. The processor is configured to invoke
the computer program from the memory and run the com-
puter program, to perform the method performed in the
third aspect, or the method performed by the optical am-
plifier controllerin the fourth aspect to the seventh aspect,
or the method performed by the gain controller in the
fourth aspect to the seventh aspect.

[0032] In a possible design, the chip includes only the
processor. The processor is configured to read and ex-
ecute the computer program stored in the memory. When
the computer program is executed, the processor per-
forms the method performed in the third aspect, or the
method performed by the optical amplifier controller in
the fourth aspect to the seventh aspect, or the method
performed by the gain controller in the fourth aspect to
the seventh aspect.

[0033] In a possible design, the memory and the proc-
essor may be physically independent units, or the mem-
ory and the processor may be integrated together.
[0034] According to a ninth aspect, an embodiment of
this application further provides a system chip. The sys-
tem chip includes a processing unit and a communica-
tions unit. The processing unit may be, for example, a
processing circuit. The communications unit may be, for
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example, an input/outputinterface, a pin, or a circuit. The
processing unit may perform the method performed by
the circuit in the sixth aspect or the seventh aspect, and
the communications unit performs the method performed
by the input interface or the output interface in the sixth
aspect or the seventh aspect.

[0035] According to a tenth aspect, an embodiment of
this application further provides a gain controller. The
gain controller includes a photodetector, an analog-to-
digital converter, and a chip. The photodetector is con-
figured to detect an input optical power gain of an optical
amplifier, convert an optical signal into an electrical sig-
nal, and output the electrical signal to the analog-to-dig-
ital converter via an interface. The chip is connected to
the analog-to-digital converter via the interface to read
the input optical power gain. The chip may be the system
chip in the ninth aspect, and performs the method per-
formed by the system chip, where the method includes
outputting an obtained optical power gain value to an
optical amplifier controller via an output interface.
[0036] The optical amplifier controller and the gain con-
troller may be physically independent units, or may be
integrated together.

[0037] This application provides the optical amplifier
and the gain adjustment method for an optical amplifier,
the optical amplifier controller, the gain controller, and
the chip. The DGE-based hybrid optical amplifier re-
solves the problem of an uneven gain in a dynamic gain
adjustment process of a cascade of two types of optical
amplifiers that are a Raman fiber amplifierand an erbium-
doped fiber amplifier, and significantly improves noise
performance of the amplifier.

BRIEF DESCRIPTION OF DRAWINGS

[0038] Todescribe technical solutionsin embodiments
of this application or in the prior art more clearly, the fol-
lowing briefly describes the accompanying drawings for
describing the background and the embodiments. Defi-
nitely, the following accompanying drawings merely de-
scribe some embodiments of this application, and a per-
son of ordinary skill in the art may still derive other ac-
companying drawings or embodiments from these ac-
companying drawings and description without creative
efforts. This application is intended to cover all these de-
rived accompanying drawings or embodiments.

FIG. 1 is a schematic structural diagram of a hybrid
optical amplifier 100 according to an embodiment of
this application;

FIG. 2a is a schematic structural diagram of another
hybrid optical amplifier 200 according to an embod-
iment of this application;

FIG. 2b is a diagram of a working principle of a filter
according to an embodiment of this application;
FIG. 3 is a schematic structural diagram of still an-
other hybrid optical amplifier 300 accordingtoanem-
bodiment of this application;
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FIG. 4 is a schematic structural diagram of yet an-
other hybrid optical amplifier 400 according to an em-
bodiment of this application;

FIG. 5 shows a gain adjustment method for a hybrid
optical amplifier according to an embodiment of this
application;

FIG. 6 shows an optical amplifier controller 600 ac-
cording to an embodiment of this application;

FIG. 7 shows a gain controller 700 according to an
embodiment of this application;

FIG. 8 shows another optical amplifier controller 800
according to an embodiment of this application;
FIG. 9 shows another gain controller 900 according
to an embodiment of this application;

FIG. 10 shows another optical amplifier controller
1000 according to an embodiment of this application;
FIG. 11 shows another gain controller 1100 accord-
ing to an embodiment of this application; and

FIG. 12 shows a gain controller 1200 according to
an embodiment of this application.

DETAILED DESCRIPTION OF EMBODIMENTS

[0039] Inanexistingsolution,a GFFisbuiltinan optical
amplifier. The GFF filters optical power of the optical am-
plifier at each wavelength according to an insertion loss
curve of the GFF, so that gains corresponding to different
wavelengths in the optical amplifier are attenuated to
some extent, thereby implementing adjustment of a gain
curve of the optical amplifier. In this application, a DGFF
or a DGE is used to adjust the gain curve of the optical
amplifier. A person skilled in the art may understand that
the DGFF is similar to the DGE, and the DGE is used
throughout the following description.

[0040] FIG. 1 is a schematic structural diagram of a
hybrid optical amplifier 100 according to an embodiment
of this application. As can be learned from FIG. 1, the
optical amplifier 100 includes: a first amplifier 101, a sec-
ond amplifier 102, a DGE 103, and a control center 106.
The first amplifier 101, the DGE 103, and the second
amplifier 102 are sequentially connected. The control
center 106 includes a controller 104 and a controller 105.
The controller 104 includes a first input terminal 11, a
second input terminal 12, and a first output terminal O1,
where the first input terminal 11 is configured to receive
input optical signal information of the first amplifier, the
second input terminal 12 is configured to receive output
optical signal information of the first amplifier, the first
output terminal O1 is configured to output a first amplifi-
cation control signal to the first amplifier 101, and the first
amplifier 101 performs gain adjustment based on the first
amplification control signal. An adjustment process of the
controller 105 is similar to that of the controller 104, and
a second output terminal O2 of the controller 105 outputs
a second amplification control signal to the second am-
plifier 102. The control center 106 obtains an adjustment
control signal by means of calculation based on inputs
and outputs of the controller 104 and the controller 105,
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and outputs the adjustment control signal to the DGE 103
through a third output terminal O3. The DGE 103 is con-
figured to adjust an insertion loss curve of the DGE based
on the adjustment control signal.

[0041] In this embodiment, the first amplifier 101 and
the second amplifier 102 respectively serve as a pream-
plifier and a power amplifier of the hybrid optical amplifier
100, and each may include a pump source and a doped
fiber. The pump source is arranged upstream or down-
stream of the doped fiber along an optical signal trans-
mission direction, and there may be one or more pump
sources. The first amplifier 101 and the second amplifier
102 may be of different types, for example, may be a
fiber amplifier or a semiconductor optical amplifier (Sem-
iconductor Optical Amplifier, SOA). The fiber amplifier
may further be an RFA, an EDFA, or another rare-earth-
doped optical amplifier.

[0042] The controller 104 may obtain the first amplifi-
cation control signal by means of calculation based on a
gain characteristic parameter of the first amplifier 101,
an adjustment control characteristic parameter of the
DGE 103, target output optical power information of the
first amplifier 101, and an input optical signal of the first
amplifier 101. The controller 105 may obtain the second
amplification control signal by means of calculation
based on a gain characteristic parameter of the second
amplifier 102, the adjustment control characteristic pa-
rameter of the DGE 103, target output optical power in-
formation ofthe second amplifier 102, and an input optical
signal of the second amplifier 102. The control center
106 may obtain the adjustment control signal by means
of calculation based on the input optical signal of the first
amplifier 101, the input optical signal of the second am-
plifier 102, the gain characteristic parameter of the first
amplifier 101, the gain characteristic parameter of the
second amplifier 102, the target output optical power in-
formation of the first amplifier 101, the target output op-
tical power information of the second amplifier 102, and
the adjustment control characteristic parameter of the
DGE 103. The firstamplifier 101 and the second amplifier
102 amplify an optical signal based on the first amplifi-
cation control signal and the second amplification control
signal, respectively, and the DGE 103 adjusts a gain
curve of the optical amplifier based on the adjustment
control signal. Therefore, the first amplifier 101, the DGE
103, and the second amplifier 102 cooperate with one
another to adjust the gain curve of the hybrid optical am-
plifier 100. The gain characteristic parameter of the first
amplifier or the second amplifier may be a power ampli-
fication multiple of the first amplifier or the second am-
plifier for each wavelength. The adjustment control char-
acteristic parameter of the DGE may be a relationship
parameter between insertion loss of each wavelength
and the adjustment control signal.

[0043] In this embodiment, the first amplifier 101 may
further perform wavelength-level gain locking based on
the first amplification control signal output by the control-
ler 104, where the first amplification control signal in-
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cludes a function corresponding to a target gain curve
G1, and the first amplifier 101 sets the gain curve of the
first amplifier as the target gain curve G1. Similarly, the
second amplifier 102 may set a gain curve of the second
amplifier as a target gain curve G2 based on the second
amplification control signal output by the controller 105,
where the second amplification control signal includes a
function corresponding to the target gain curve G2. The
DGE 103 may set the insertion loss curve of the DGE as
a target insertion loss curve G3 based on the adjustment
control signal output by the control center 106, where the
adjustment control signal includes a function correspond-
ing to the target insertion loss curve G3. It may be un-
derstood that, to keep gain flatness of the hybrid optical
amplifier, a sum of values of the target gain curve G1,
the target gain curve G2, and the target insertion loss
curve G3 at different moments remains unchanged. In
other words, GO = G1 + G2 + G3, and GO is a horizontal
gain curve.

[0044] When the hybrid optical amplifier operates at
different gains, gain functions of the first amplifier and
the second amplifier, and a filter function of a dynamic
gain equalization filter are all preset. In an actual running
process, due to changes in power of an input signal, ac-
tual gains of the first amplifier and the second amplifier
need to be separately controlled to reach the preset gain.
To be specific, when the power of the input signal chang-
es but the gain GO of the amplifier does not change, the
gain functions of the first amplifier and the second am-
plifier do not change. This simple control method can
make a calculation process of the function of the DGE
less complex, while ensuring performance of the optical
amplifier, thereby improving a running speed of the am-
plifier.

[0045] In this embodiment, a connection sequence of
the first amplifier 101, the DGE 103, and the second am-
plifier 102 is interchangeable. This is not limited in this
application.

[0046] FIG. 2ais a schematic structural diagram of an-
other hybrid optical amplifier 200 according to an embod-
iment of this application. The optical amplifier includes
an RFA 201, a first EDFA 202, a DGE 203, a filter 204,
an RFA gain controller 205, a first EDFA gain controller
206, and an optical amplifier controller 207. The RFA
gain controller 205 is connected to the RFA 201, the RFA
gain controller 205 is further connected to the filter 204,
and the filter 204 is connected to an output terminal of
the RFA 201. The first EDFA gain controller 206 is con-
nected to the first EDFA 202. The optical amplifier con-
troller 207 is connected to the RFA gain controller 205,
and the optical amplifier controller 207 is further connect-
ed to the first EDFA gain controller 206. The RFA 201 is
connected to the DGE 203, and the DGE 203 is further
connected to the first EDFA 202.

[0047] Forthe RFA, the DGE, and the EDFA shown in
the accompanying drawings in the embodiments of this
application, a terminal on the left is an input terminal, and
a terminal on the right is an output terminal.
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[0048] The RFA in this embodiment of this application
may be a DRA (Distributed Raman Amplifier, distributed
Raman amplifier). Specifically, the RFA may include a
transmission fiber-optic link, a pump source, and a po-
larization multiplexer. The pump source is disposed up-
stream or downstream of a transmission fiber along an
optical signal transmission direction, and there may be
one or more pump sources. With development of tech-
nologies, the RFA designed in this embodiment of this
application may alternatively be any other distributed am-
plifier, for example, a distributed parametric ampilifier.
[0049] The RFA gain controller 205 is configured to
monitor a gain of the RFA 201 in an actual operating
process. The RFA gain controller 205 measures an ac-
tual operating gain G1 of the RFA by measuring strength
of its input optical signal, and feeds back the actual op-
erating gain G1 to the optical amplifier controller 207 in
realtime. Further, the RFA gain controller 205 may further
generate a first pump control signal according to a first
instruction sent by the optical amplifier controller 207,
and send the first pump control signal to the RFA 201,
where the first pump control signal is used to adjust a
pump currentin the RFA, to implement a gain adjustment
function of the RFA.

[0050] Optionally, the RFA gain controller 205 sends
afirstfeedback message to the optical amplifier controller
207, where the firstfeedback message includes an actual
gain value of the RFA 201.

[0051] In addition, an output signal of the RFA 201 is
filtered by the filter 204 and then input to the RFA gain
controller 205. The filter 204 is configured to filter an ASE
(Amplified Spontaneous Emission, amplified spontane-
ous emission) signal produced in an optical amplification
process of the RFA.

[0052] Specifically, the filter 204 is a narrow band-pass
optical filter. As shown in FIG. 2a and FIG. 2b, point A is
at an input terminal of the filter, and the ASE signal pro-
duced due to a spontaneous emission phenomenon in
the optical amplification process of the RFA can be de-
tected at point A. A passband range of the filter 204 is
outside a wavelength of signal light, but falls within a
wavelength range of a gain spectrum of the RFA. Point
B is at an output terminal of the filter, and an ASE signal
obtained by the filter by filtering can be detected at point
B.

[0053] Ina possible design, an on-off gain actually pro-
duced in the amplification process of the RFA may be
calculated based on intensity of power of the ASE signal,
where the on-off gain is a ratio of output signal power
with a pump of the RFA being on to output signal power
with the pump being off. Optionally, the power of the ASE
signal obtained by filtering is directly proportional to the
on-off gain of the RFA, and a specific proportionality co-
efficient is determined based on a bandwidth and/or a
central wavelength of the filter 204.

[0054] In a possible design, the power of the ASE may
be uniquely determined by the gain of the RFA and power
of the input optical signal (the optical power of the ASE
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is less related to the input optical power atthe same gain),
that is, corresponds to a specific span and gain specifi-
cation. When the signal gain is locked, the ASE is a fixed
value.

[0055] The first EDFA gain controller 206 is configured
to monitor a gain of the first EDFA 202 in an actual op-
erating process. The first EDFA gain controller 206 de-
tects an actual gain value G2 of the first EDFA 202 based
on a difference between an optical signal at an input ter-
minal and an output terminal of the first EDFA 202, and
feeds back the actual gain value G2 to the optical ampli-
fier controller 207 in real time. Further, the first EDFA
gain controller 206 may generate a second pump control
signal according to a second instruction sent by the op-
tical amplifier controller 207, and send the second pump
control signal to the first EDFA 202, where the second
pump control signal is used to control a pump in the first
EDFA 202, to implement a gain adjustment function of
the first EDFA.

[0056] Optionally, the first EDFA gain controller 206
sends a second feedback message to the optical ampli-
fier controller 207, where the second feedback message
includes the actual gain value G2 of the first EDFA 202.
[0057] After the optical amplifier controller 207 re-
ceives the actual gain value G1 of the RFA 201 that is
fed back by the RFA gain controller 205 and the actual
gain value G2 of the first EDFA 202 that is fed back by
the first EDFA gain controller 206, an actual insertion loss
value G3 of the DGE 203 is obtained by means of calcu-
lation based on a target amplification gain GO of the hy-
brid optical amplifier 200. Then, the optical amplifier con-
troller 207 sends a DGE control instruction to the DGE
203 to control the insertion loss value of the DGE 203 to
be adjusted to G3.

[0058] Specifically, G1, G2, G3, and GO satisfy the fol-
lowing relation expression: G3 = G1 + G2 - GO.

[0059] In addition, it should be noted that the RFA gain
controller 205, the first EDFA gain controller 206, and the
optical amplifier controller 207 may be integrated togeth-
er, or may be separately disposed.

[0060] In this embodiment, a connection sequence of
the RFA, the EDFA, and the DGE is interchangeable.
This is not limited in this application.

[0061] In this embodiment, the EDFA may include a
doped fiber and a pump source, where the pump source
is disposed upstream or downstream of a transmission
fiber along an optical signal transmission direction, and
there may be one or more pump sources.

[0062] In this embodiment, the DGE may be a tunable
optical filter of any technology or a dynamically tunable
optical filter including a preset filtering function, for ex-
ample, 1 X 1 WSS or a cascaded FBG (Fiber Bragg
Grating, fiber Bragg grating) filter.

[0063] The DGE-based hybrid optical amplifier provid-
ed in this embodiment of this application resolves the
problem of an uneven gain in a dynamic gain adjustment
process of a cascade of two types of optical amplifiers
that are a Raman fiber amplifier and an erbium-doped
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fiber amplifier, significantly improves noise performance
of the amplifier, and reduces additional loss caused by
the use of a GFF and a VOA in an existing technical
solution.

[0064] The terms such as "first" and "second" in this
application are used to distinguish between similar ob-
jects, but are not used for describing a particular se-
quence or order. It should be understood that the data
termed in such a way is interchangeable in proper situ-
ations, so that the embodiments described herein can be
implemented in an order that is not described in this ap-
plication. The term "and/or" is used to describe an asso-
ciation relationship between associated objects, and in-
dicates that three relationships may exist. For example,
Aand/or B may represent the following three cases: Only
A exists, both A and B exist, and only B exists. A specific
operation method in a method embodiment may also be
applied to an apparatus embodiment. In addition, to more
clearly reflect a relationship between components in dif-
ferent embodiments, in this application, same reference
numerals are used to represent components with a same
or similar function in different embodiments.

[0065] Itshould be further noted that, unless otherwise
specified, specific descriptions of some technical fea-
tures in one embodiment may also be applied to explain
corresponding technical features mentioned in another
embodiment.

[0066] FIG. 3 is a schematic structural diagram of still
another hybrid optical amplifier 300 according to an em-
bodiment of this application. As shown in FIG. 3, the hy-
brid optical amplifier 300 differs from the hybrid optical
amplifier 200 in FIG. 2 in that a second EDFA 301 and a
second EDFA gain controller 302 are added. A working
principle of the second EDFA 301 is similar to that of the
first EDFA 202, for which reference may be made to the
foregoing description of the first EDFA 202. The second
EDFA 301 is connected between the RFA 201 and the
DGE 203, orthe second EDFA 301 is connected between
the DGE 203 and the first EDFA 202. The second EDFA
301 is connected to the second EDFA gain controller
302. The second EDFA gain controller 302 generates a
third pump control signal according to a fourth instruction
sent by the optical amplifier controller 207, and sends
the third pump control signal to the second EDFA 301.
The second EDFA adjusts a pump current based on the
third pump control signal, and thereby adjusts a gain.
[0067] After the optical amplifier controller 207 of the
hybrid optical amplifier 300 receives the actual gain value
G1 of the RFA 201, the actual gain value G2 of the EDFA
202, and an actual gain value G4 of the EDFA 301, the
optical amplifier controller 207 obtains an insertion loss
value G3 of the DGE 203 by means of calculation based
on the target amplification gain GO of the hybrid optical
amplifier 300, and outputs a corresponding control signal
to the DGE 203.

[0068] Specifically, G1, G2, G3, G4, and GO satisfy the
following relation expression: G3 = G1 + G2 + G4 - GO.
[0069] The hybrid optical amplifier 300 has a three-
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stage amplifier structure, which has a wider tunable gain
range than that of the two-stage amplifier structure of the
hybrid optical amplifier 200 in FIG. 2. Similarly, the hybrid
optical amplifier may further include a structure having
four stages of amplifiers, five stages of amplifiers, ormore
stages of amplifiers. A principle thereof is similar to that
of the embodiment corresponding to FIG. 3, and details
are not described herein again.

[0070] FIG. 4 is a schematic structural diagram of yet
another hybrid optical amplifier 400 according to an em-
bodiment of this application. As shown in FIG. 4, com-
pared with the hybrid optical amplifier 300 in FIG. 3, the
hybrid optical amplifier 400 has an addition of a GFF 401
betweenthe RFA 201 andthe EDFA 301. After the optical
amplifier controller 207 of the hybrid optical amplifier 400
receives the actual gain value G1 of the RFA 201, the
actual gain value G2 of the EDFA 202, the actual gain
value G4 of the EDFA 301, and a fixed insertion loss
value G5 of the GFF 401, the optical amplifier controller
207 obtains an actual insertion loss value G3 of the DGE
203 by means of calculation based on the target ampli-
fication gain GO of the hybrid optical amplifier 400, and
sends a corresponding control signal to the DGE 203.
[0071] Specifically, G1, G2, G3, G4, G5, and GO0 satisfy
the following relation expression: G3 = G1 + G2 + G4 -
GO - G5.

[0072] Compared with the structure of the hybrid opti-
cal amplifier in FIG. 3, the structure of the hybrid optical
amplifier 400 can lower a requirement for a dynamically
tunable range of insertion loss of a DGE.

[0073] It should be particularly noted that, the EDFA in
the embodiments of FIG. 2 to FIG. 4 of this application
may alternatively be an SOA,; in addition, the DGE may
alternatively be positioned at the left terminal of the RFA,
orbetween the RFA andthe EDFA, orattherightterminal
of the EDFA; and the GFF 401 may also be flexibly po-
sitioned, and may be positioned at the left terminal of the
RFA 201, or at the right terminal of the first EDFA 203,
or between the DGE 203 and the first EDFA 202, or the
like. This is not limited in this application.

[0074] FIG. 5 shows a gain adjustment method for a
hybrid optical amplifier according to an embodiment of
this application. The gain adjustment method is applica-
ble to any hybrid optical amplifier in the foregoing em-
bodiments. As shown in FIG. 5, the gain adjustment
method includes the following steps.

[0075] S501: Determine a target gain value of a hybrid
optical amplifier.

[0076] The target gain value GO of the hybrid optical
amplifier is set.

[0077] S502: Adjust a gain value of an RFA and/or an
EDFA.

[0078] The gain value of the RFA and/or the EDFAIn

the hybrid optical amplifier is adjusted, and the adjust-
ment procedure may be implemented based on a priority
adjustment of the RFA.

[0079] (1) In an initial state, a gain of the RFA is set to
an initial gain value Glmin, and a gain of the EDFA is set
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to an initial gain value G2min.

[0080] (2) The RFA is preferentially adjusted. An opti-
cal amplifier controller controls an RFA gain controller to
gradually increase pump power of the RFA, andreceives,
in real time, an actual gain value G1 of the RFA that is
fed back by the RFA gain controller, until the optical am-
plifier controller determines that G1 + G2min > GO at a
moment. When the pump power of the RFA reaches a
maximum, if the gain value Glmax still cannot satisfy
Glmax + G2min > GO0, the EDFA starts to be adjusted,
pump power of the EDFA is gradually increased, and the
optical amplifier controller receives, in real time, an actual
gain value G2 of the EDFA that is fed back by an EDFA
gain controller, until GImax + G2 > GO at a moment.
[0081] Optionally, in the adjustment process, a sum of
the gain of the RFA and the gain of the EDFA of the hybrid
optical amplifier keeps unchanged.

[0082] Forthe adjustment, alternatively, the gain value
of the EDFA may be preferentially adjusted, or the gain
value of the RFA and the gain value of the EDFA are
adjusted simultaneously.

[0083] S503: When the sum of the gain value of the
RFA and the gain value of the EDFA is greater than the
target gain value GO, determine an actual insertion loss
value of a DGE.

[0084] If the optical amplifier controller determines, at
a moment, that the sum of the actual gain value G1 of
the RFA and the actual gain value G2 of the EDFA is
greater than the target gain value GO, the actual insertion
loss value G3 of the DGE may be calculated.

[0085] Specifically, G3 = G1 + G2 - GO.

[0086] S504: Output a DGE control instruction to the
DGE, so as to adjust insertion loss of the DGE to reach
the actual insertion loss value of the DGE.

[0087] The optical amplifier controller outputs the cor-
responding DGE control instruction, so as to adjust the
insertion loss of the DGE to reach the actual insertion
loss value G3 of the DGE.

[0088] The gain adjustment method disclosed in this
embodiment of this application can improve NF perform-
ance of the amplifier running at different gains.

[0089] This embodiment of this application further pro-
vides an NF calculation formula for a multi-stage hybrid
optical amplifier. An NF calculation formula for the two-
stage hybrid optical amplifier in the embodiment corre-
sponding to FIG. 2 is:

F, -1
NFO=NF, . LNF -1

1_on—off

[0090] An NF calculation formula for the three-stage
hybrid optical amplifier corresponding to FIG. 3 or FIG.
4is:

LNF,~1 LLNF, -1
Gl_on—oﬂGZ

NFO=NF, , +

1_on—off
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[0091] NFO is a noise figure of the hybrid optical am-
plifier, NF; .¢is a noise figure of the RFA (the RFA 201),
NF,is a noise figure of the second stage of optical am-
plifier (the EDFA 301), NFj5 is a noise figure of the third
stage of optical amplifier (the EDFA 202), L, is a loss
value between the first stage of optical amplifier and the
second stage of optical amplifier (between the RFA 201
and the EDFA 301), and L, is a loss value between the
second stage of amplifier and the third stage of amplifier
(between the EDFA 301 and the EDFA 202). The NF
value of the amplifier can be reduced by reducing the
internal loss L, and L, of the optical amplifiers. C; ,,of
is an on-off gain of the RFA, G, is a net gain (a power
ratio of an output signal to an input signal) of the second
stage of optical amplifier (the EDFA 301).

[0092] According to the foregoing formula, it can be
determined that NFO is most affected by NF,; ., and
therefore the RFA is adjusted preferentially; and NFO is
less affected by NF,, and least affected by NF;. There-
fore, adjustment may be performed in order of the first
stage of optical amplifier, the second stage of optical am-
plifier, and the third stage of optical amplifier, so as to
improve noise performance of the hybrid optical amplifier.
[0093] The hybrid optical amplifier may further include
a structure having four stages of amplifiers, five stages
of amplifiers, or more stages of amplifiers. A correspond-
ing NF calculation formula for the hybrid optical amplifier
may be deduced by analogy with the foregoing formula,
and details are not described herein again.

[0094] FIG. 6 shows an optical amplifier controller 600
according to an embodiment of this application. The op-
tical amplifier controller is applicable to any one of the
foregoing hybrid optical amplifiers. As shown in FIG. 6,
the optical amplifier controller includes a receiving mod-
ule 601, a calculation module 602, and a sending module
603.

[0095] The sending module 603 is configured to send
a control instruction to adjust a pump current of an RFA
or an EDFA.

[0096] The receiving module 601 is configured to re-
ceive a first feedback message and a second feedback
message, where the first feedback message includes an
actual gain value of the RFA, and the second feedback
message includes an actual gain value of the EDFA.
[0097] The calculation module 602 is configured to de-
termine an actual insertion loss value of a DGE based
on the actual gain value of the RFA and the actual gain
value of the EDFA.

[0098] The sending module 603 is configured to send
a DGE control instruction, so as to adjust a gain of the
DGE to reach the determined actual insertion loss value
of the DGE.

[0099] Specifically, the determining, by the calculation
module 602, an actual insertion loss value of a DGE
based on the actual gain value of the RFA and the actual
gain value of the EDFA includes:

determining, by the calculation module 602, whether a
sum of the actual gain value of the RFA and the actual
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gain value of the EDFA is greater than a target gain value
of the optical amplifier:

when the calculation module 602 determines that the
sum of the actual gain value of the RFA and the actual
gain value of the EDFA is greater than the target gain
value of the hybrid optical amplifier, the actual insertion
loss value of the DGE is a value obtained by subtracting
the target gain value of the optical amplifier from the sum
of the actual gain value of the RFA and the actual gain
value of the EDFA.

[0100] Specifically, the sending, by the sending mod-
ule 603, a control instruction to adjust a pump current of
an RFA or an EDFA includes:

sending, by the sending module 603, a first instruc-
tion to an RFA gain controller, and/or sending a sec-
ond instruction to an EDFA gain controller, where
the first instruction is used to generate a first pump
control signal to adjust the actual gain value of the
RFA; and the second instruction is used to generate
a second pump control signal to adjust the actual
gain value of the EDFA.

[0101] FIG. 7 shows a gain controller 700 according to
an embodiment of this application. The gain controller is
applicable to any one of the foregoing hybrid optical am-
plifiers. As shownin FIG. 7, the optical amplifier controller
includes a receiving module 701, a calculation module
702, and a sending module 703.

[0102] The receiving module 701 is configured to re-
ceive a control instruction.

[0103] The calculation module 702 is configured to
generate a pump control signal according to the control
instruction, where the pump control signal is used to ad-
just a pump current of an RFA and/or an EDFA.

[0104] The sending module 703 is configured to send
the pump control signal.

[0105] Optionally, the sending module 703 is further
configured to send a first feedback message to an optical
amplifier controller, or send a second feedback message
to the optical amplifier controller, where the first feedback
message includes an actual gain value of the RFA, and
the second feedback message includes an actual gain
value of the EDFA.

[0106] Some or all of the optical amplifier controllers
or the gain controllers in the foregoing embodiments may
be implemented by hardware, or may be implemented
by software. For implementation by software, FIG. 8 is a
schematic structural diagram of another optical amplifier
controller 800 according to an embodiment of this appli-
cation. The optical amplifier controller 800 includes are-
ceiver 801, a processor 802, and a transmitter 803.
[0107] The transmitter 803 is configured to send a con-
trol instruction to adjust a pump current of an RFA or an
EDFA.

[0108] The receiver 801 is configured to receive a first
feedback message and a second feedback message,
where thefirst feedback message includes an actual gain



19 EP 3 975 450 A1 20

value of the RFA, and the second feedback message
includes an actual gain value of the EDFA.

[0109] The processor 802 is configured to execute a
program stored in a memory 804, a memory 805, or a
memory 806, and when the program is run, determine
an actual insertion loss value of a DGE based on the
actual gain value of the RFA and the actual gain value
of the EDFA.

[0110] The transmitter is further configured to send a
DGE control instruction, so that insertion loss of the DGE
reaches the determined actual insertion loss value of the
DGE.

[0111] Alternatively, the memory 804, the memory
805, or the memory 806 may store data generated or
used in a process in which the processor performs the
gain adjustment method. For example, the memory is a
cache. The memory may be a physically independent
unit, or may be a storage space, a network hard disk, or
the like on a cloud server.

[0112] Optionally, the memory 804 is located in the ap-
paratus.
[0113] Optionally, the memory 805 is integrated with

the processor 802.

[0114] Optionally, the memory 806 is located outside
the apparatus.
[0115] The processor 802 may be a central processing

unit (central processing unit, CPU), a network processor
(network processor, NP), or a combination of a CPU and
an NP.

[0116] Alternatively, the processor 802 may be a hard-
ware chip, an application-specific integrated circuit (ap-
plication-specific integrated circuit, ASIC), a programma-
ble logic device (programmable logic device, PLD), or a
combination thereof. The PLD may be a complex pro-
grammable logic device (complex programmable logic
device, CPLD), a field-programmable gate array (field-
programmable gate array, FPGA), generic array logic
(generic array logic, GAL), or any combination thereof.
[0117] The memory in this embodiment of this appli-
cation may include a volatile memory (volatile memory),
for example, a random access memory (random-access
memory, RAM). The memory may alternatively include
a non-volatile memory (non-volatile memory), for exam-
ple, a flash memory (flash memory), a hard disk drive
(hard disk drive, HDD), a solid-state drive (solid-state
drive, SSD), a cloud storage (cloud storage), a network
attached storage (Network Attached Storage, NAS), or
a network drive (network drive). The memory may alter-
natively include a combination of the foregoing types of
memories or another medium or product, in any form,
that has a storage function.

[0118] Optionally, the apparatus is a chip or an inte-
grated circuit.
[0119] The bus 807 may be classified into an address

bus, a data bus, a control bus, and the like. For ease of
representation, only one thick line is used to represent
the bus in FIG. 8, but this does not mean that there is
only one bus or only one type of bus.
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[0120] The receiver and the transmitter in this embod-
iment of this application may be integrated and combined
into a transceiver.

[0121] FIG. 9 shows another gain controller 900 ac-
cording to an embodiment of this application, and the
gain controller 900 includes a receiver 901, a processor
902, and a transmitter 903.

[0122] Thereceiver 901 is configured to receive a con-
trol instruction.

[0123] The processor 902 is configured to execute a
program stored in a memory 804, a memory 805, or a
memory 806, and when the program is run, generate a
pump control signal according to the control instruction,
where the pump control signal is used to adjust a pump
current of an RFA and/or an EDFA.

[0124] The transmitter 903 is configured to send the
pump control signal. For related descriptions of the proc-
essor, the memory, the receiver, and the transmitter in
this embodiment, refer to the embodiment corresponding
to FIG. 7. Details are not described herein again.
[0125] When some or all of the optical amplifier con-
trollers or the gain controllers described in the foregoing
embodiments may be implemented by hardware, FIG.
10is a schematic structural diagram of stillanother optical
amplifier controller 1000 according to an embodiment of
this application. The optical amplifier controller 1000 in-
cludes an input interface 1001, a circuit 1002, and an
output interface 1003.

[0126] The output interface 1003 is configured to out-
put a control instruction to adjust a pump current of an
RFA or an EDFA.

[0127] The inputinterface 1001 is configured to obtain
a first feedback message and a second feedback mes-
sage, where the first feedback message includes an ac-
tual gain value of the RFA, and the second feedback
message includes an actual gain value of the EDFA.
[0128] The circuit 1002 is configured to determine an
actual insertion loss value of a DGE based on the actual
gain value of the RFA and the actual gain value of the
EDFA.

[0129] The output interface 1003 is further configured
to output a DGE control instruction, so that insertion loss
of the DGE reaches the determined actual insertion loss
value of the DGE.

[0130] FIG. 11is a schematic structural diagram of still
another gain controller 1100 according to an embodiment
of this application. The gain controller 1100 includes an
input interface 1101, a circuit 1102, and an output inter-
face 1103. The input interface 1101 is configured to ob-
tain a control instruction.

[0131] The circuit 1102 is configured to generate a
pump control signal according to the control instruction,
where the pump control signal is used to adjust a pump
current of an RFA and/or an EDFA.

[0132] The output interface 1103 is configured to out-
put the pump control signal.

[0133] Optionally, the output interface 1103 is further
configured to output a first feedback message to an op-
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tical amplifier controller, or output a second feedback
message to the optical amplifier controller, where the first
feedback message includes an actual gain value of the
RFA, and the second feedback message includes an ac-
tual gain value of the EDFA.

[0134] The optical amplifier controller and the gain con-
troller in this embodiment of this application may be phys-
ically independent units, or may be integrated together.
[0135] Forsame and similar parts in the embodiments
of this application, reference may be made to each other.
In particular, the embodiments of FIG. 6 to FIG. 11 are
described briefly because these embodiments are based
on the embodiments corresponding to FIG. 1 to FIG. 5.
For related parts, refer to description of the parts of the
embodiments corresponding to FIG. 1 to FIG. 5.

[0136] This application provides a chip. The chip in-
cludes a memory and a processor. The memory is con-
figured to store a computer program, and the processor
is configured to invoke the computer program from the
memory and run the computer program, to perform the
method performed in the foregoing embodiments of FIG.
8 and FIG. 9.

[0137] Optionally, the chipincludes only the processor.
The processor is configured to read and execute the com-
puter program stored in the memory. When the computer
program is executed, the processor performs the method
performed in the foregoing embodiments of FIG. 8 and
FIG. 9.

[0138] Optionally, the memory and the processor may
be physically independent units, or the memory and the
processor may be integrated together.

[0139] An embodiment of this application further pro-
vides a system chip. The system chip includes a process-
ing unit and a communications unit. The processing unit
may be, for example, a processing circuit. The commu-
nications unit may be, for example, an input/output inter-
face, a pin, or a circuit. The processing unit may perform
the method performed by the circuit in FIG. 10 or FIG.
11, and the communications unit performs the method
performed by the input interface or the output interface
in the embodiment in FIG. 10 or FIG. 11.

[0140] An embodiment of this application further pro-
vides a gain controller 1200. As shown in FIG. 12, the
gain controller 1200 includes a photodetector (Photode-
tector, PD) 1201, an analog-to-digital converter 1202,
and a chip 1203. The photodetector (Photodetector, PD)
1201 is configured to detect an input optical power gain
of an optical amplifier, convert an optical signal into an
electrical signal, and output the electrical signal to the
analog-to-digital converter 1202 via an interface. The
chip 1203 is connected to the analog-to-digital converter
1202 via the interface to read the input optical power
gain. The chip 1203 may be the system chip in the fore-
going embodiments and performs the method performed
by the system chip, where the method includes outputting
an obtained optical power gain value to an optical ampli-
fier controller via an output interface.

[0141] An embodiment of this application provides a
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computer-readable storage medium, including computer
readable instructions. When a computer reads and exe-
cutes the computer readable instructions, the computer
is enabled to perform the method performed by the proc-
€ssor.

[0142] An embodiment of this application further pro-
vides a computer program product including instructions.
When the computer program product runs on acomputer,
the computer is enabled to perform the method per-
formed by the processor.

[0143] Obviously, a person skilled in the art should un-
derstand that the foregoing modules or steps in the
present invention may be implemented by using a gen-
eral-purpose computing apparatus, and the modules or
steps may be centralized on a single computing appara-
tus, or distributed on a network including a plurality of
computing apparatuses. Optionally, the modules or steps
may be implemented by using program code that can be
executed by the computing apparatus, so that the mod-
ules or steps may be stored in a storage medium
(ROM/RAM, magnetic disk, or optical disc) and executed
by the computing apparatus. In addition, in some cases,
the steps shown or described may be performed in a
sequence different from that described herein. Alterna-
tively, the modules or steps are fabricated into various
integrated circuit modules, or into a single integrated cir-
cuit module for implementation. In this way, a combina-
tion of any specific hardware and software is not limited
in the present invention.

[0144] Finally, itshould be noted that the foregoing de-
scriptions are merely specificimplementations of this ap-
plication, but are notintended to limit the protection scope
of this application. Any variation or replacement readily
figured out by a person skilled in the art within the tech-
nical scope disclosed in this application shall fall within
the protection scope of this application.

Claims

1. An optical amplifier, comprising a Raman fiber am-
plifier, RFA, a dynamic gain equalizer, DGE, a filter,
a first erbium-doped fiber amplifier, EDFA, an RFA
gain controller, a first EDFA gain controller, and an
optical amplifier controller, wherein

the RFA gain controller is connected to the RFA,
the RFA gain controller is further connected to
the filter, and the filter is connected to an output
terminal of the RFA; the first EDFA gain control-
ler is connected to the first EDFA; the optical
amplifier controller is connected to the RFA gain
controller, and the optical amplifier controller is
further connected to the first EDFA gain control-
ler; and the RFA is connected to the DGE, and
the DGE is further connected to the first EDFA;
the optical amplifier controller is configured to
send afirstinstruction to the RFA gain controller,
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send a second instruction to the first EDFA gain
controller, and send a DGE control instruction
to the DGE; the RFA and the first EDFA are con-
figured to amplify an optical signal, and the RFA
gain controller is configured to control the RFA
to adjust a gain according to the first instruction;
the first EDFA gain controller is configured to
control the first EDFA to adjust a gain according
to the second instruction; and the DGE adjusts
insertion loss according to the DGE control in-
struction; and

the filter is configured to filter an amplified spon-
taneous emission, ASE, signal produced in an
optical amplification process of the RFA.

The optical amplifier according to claim 1, wherein
the optical amplifier controller determines an on-off
gain of the RFA based on the ASE signal, wherein
the on-off gain is a ratio of output signal power with
a pump of the RFA being on to output signal power
with the pump being off.

The optical amplifier according to any one of claims
1 to 2, wherein the RFA gain controller being config-
ured to control the RFA to adjust a gain according
to the first instruction sent by the optical amplifier
controller comprises:

receiving, by the RFA gain controller, the first
instruction sent by the optical amplifier control-
ler; and

sending, by the RFA gain controller, afirst pump
control signal to the RFA according to the first
instruction, so that the RFA adjusts a pump cur-
rent based on the first pump control signal.

The optical amplifier according to any one of claims
1 to 3, wherein the first EDFA gain controller being
configured to control the first EDFA to adjust a gain
according to the second instruction sent by the op-
tical amplifier controller comprises:

receiving, by the first EDFA gain controller, the
second instruction sent by the optical amplifier
controller; and

sending, by the first EDFA gain controller, a sec-
ond pump control signal to the first EDFA ac-
cording to the second instruction, so that the first
EDFA adjusts a pump current based on the sec-
ond pump control signal.

The optical amplifier according to any one of claims
1to 4, wherein the optical amplifier further comprises
a second EDFA and a second EDFA gain controller,
wherein

the second EDFA is connected between the
RFA and the DGE, or the second EDFA is con-

10

15

20

25

30

35

40

45

50

55

13

EP 3 975 450 A1

10.

24

nected between the DGE and the first EDFA;
and

the second EDFA is connected to the second
EDFA gain controller, and the second EDFA
gain controller controls the second EDFA to ad-
just a gain, according to a fourth instruction sent
by the optical amplifier controller.

The optical amplifier according to claim 5, wherein
the second EDFA gain controller being configured
to control the second EDFA to adjust a gain, accord-
ing to a fourth instruction sent by the optical amplifier
controller comprises:

receiving, by the second EDFA gain controller,
the fourth instruction sent by the optical amplifier
controller; and

sending, by the second EDFA gain controller, a
third pump control signal to the second EDFA
according to the fourth instruction, so that the
second EDFA adjusts a pump current based on
the third pump control signal.

The optical amplifier according to any one of claims
1to 6, wherein the optical amplifier further comprises
a gain flattening filter, GFF, and the GFF is config-
ured to narrow an adjustment range of the insertion
loss of the DGE.

The optical amplifier according to any one of claims
1to 4, wherein the RFA gain controller is further con-
figured to send a first feedback message to the op-
tical amplifier controller, and the first feedback mes-
sage comprises an actual gain value of the RFA; the
first EDFA gain controller is further configured to
send a second feedback message to the optical am-
plifier controller, and the second feedback message
comprises an actual gain value of the first EDFA.

The optical amplifier according to claim 8, wherein
the optical amplifier controller obtains an insertion
loss value of the DGE based on the actual gain value
ofthe RFA and the actual gain value of the first EDFA,
and the insertion loss value of the DGE is a value
obtained by subtracting a target gain value of the
optical amplifier from a sum of the actual gain value
ofthe RFA and the actual gain value of the first EDFA.

A gain adjustment method for an optical amplifier,
wherein the method is applied to the optical amplifier
according to any one of claims 1 to 9, and the method
comprises:

determining a target gain value of a hybrid opti-
cal amplifier;

adjusting an actual gain value of an RFA and/or
an EDFA, and when a sum of the actual gain
value of the RFA and the actual gain value of
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the EDFA is greater than the target gain value
of the optical amplifier, determining an actual
insertion loss value of the DGE; and

sending a DGE control instruction to the DGE,
so that insertion loss of the DGE reaches the
determined actual insertion loss value of the
DGE.

The gain adjustment method according to claim 10,
wherein the actual insertion loss value of the DGE
is a value obtained by subtracting the target gain
value of the optical amplifier from a sum of the actual
gain value of the RFA and the actual gain value of
the EDFA.

The gain adjustment method according to claim 10
or 11, wherein the adjusting an actual gain value of
an RFA and/or an EDFA comprises:

sending, by an optical amplifier controller, a first
instruction to the RFA gain controller, and/or
sending a second instruction to the EDFA gain
controller;

generating, according to the first instruction, a
first pump control signal to adjust the actual gain
value of the RFA; and

generating, according to the second instruction,
asecond pump control signal to adjust the actual
gain value of the EDFA.

An optical amplifier controller, wherein the optical
amplifier controller is applied to the optical amplifier
according to any one of claims 1to 9, and the optical
amplifier controller comprises: a sending module, a
receiving module, and a calculation module, wherein

the sending module is configured to send a con-
trol instruction to adjust a pump current of an
RFA or an EDFA;

the receiving module is configured to receive a
first feedback message and a second feedback
message, wherein the first feedback message
comprises an actual gain value of the RFA, and
the second feedback message comprises anac-
tual gain value of the EDFA;

the calculation module is configured to deter-
mine an actual insertion loss value of a DGE
based on the actual gain value of the RFA and
the actual gain value of the EDFA; and

the sending module is further configured to send
a DGE control instruction, so that insertion loss
of the DGE reaches the determined actual in-
sertion loss value of the DGE.

The optical amplifier controller according to claim 13,
wherein the determining, by the calculation module,
an actual insertion loss value of a DGE based on the
actual gain value of the RFA and the actual gain val-
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ue of the EDFA comprises:

determining, by the calculation module, whether a
sum of the actual gain value of the RFA and the actual
gain value of the EDFA is greater than a target gain
value of the optical amplifier:

when the calculation module determines that the
sum of the actual gain value of the RFA and the actual
gain value of the EDFA is greater than the target gain
value of the optical amplifier, the actualinsertion loss
value of the DGE is a value obtained by subtracting
the target gain value of the optical amplifier from the
sum of the actual gain value of the RFA and the actual
gain value of the EDFA.

The optical amplifier controller according to claim 13
or 14, wherein the sending, by the sending module,
a control instruction to adjust a pump current of an
RFA or an EDFA comprises:

sending, by the sending module, a first instruc-
tion to the RFA gain controller, and/or sending
a second instruction to the EDFA gain controller,
wherein

the first instruction is used to generate a first
pump control signal to adjust the actual gain val-
ue of the RFA; and

the second instruction is used to generate a sec-
ond pump control signal to adjust the actual gain
value of the EDFA.

Again controller, wherein the gain controller is ap-
plied to the optical amplifier according to any one of
claims 1 to 9, and the gain controller comprises: a
receiving module, a calculation module, and a send-
ing module, wherein the receiving module is config-
ured to receive a control instruction;

the calculation module is configured to generate
a pump control signal according to the control
instruction, wherein the pump control signal is
used to adjust a pump current of an RFA and/or
an EDFA; and

the sending module is configured to send the
pump control signal.

The gain controller according to claim 16, wherein
the sending module is further configured to send a
first feedback message to an optical amplifier con-
troller, or send a second feedback message to the
optical amplifier controller, wherein the first feedback
message comprises an actual gain value of the RFA,
and the second feedback message comprises an
actual gain value of the EDFA.

An optical amplifier controller, wherein the optical
amplifier controller is applied to the optical amplifier
according to any one of claims 1 to 9, and the optical
amplifier controller comprises: an input interface, a
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circuit, and an output interface, wherein

the outputinterface is configured to outputa con-
trol instruction to adjust a pump current of an
RFA or an EDFA;

the input interface is configured to obtain a first
feedback message and a second feedback
message, wherein the first feedback message
comprises an actual gain value of the RFA, and
the second feedback message comprises anac-
tual gain value of the EDFA;

the circuit is configured to determine an actual
insertion loss value of a DGE based on the actual
gain value of the RFA and the actual gain value
of the EDFA; and

the output interface is further configured to out-
put a DGE control instruction, so that insertion
loss of the DGE reaches the determined actual
insertion loss value of the DGE.

Again controller, wherein the gain controller is ap-
plied to the optical amplifier according to any one of
claims 1 to 9, and the gain controller comprises: an
input interface, a circuit, and an output interface,
wherein

the input interface is configured to obtain a con-
trol instruction;

the circuit is configured to generate a pump con-
trol signal according to the control instruction,
wherein the pump control signalis used to adjust
a pump current of an RFA and/or an EDFA; and
the output interface is configured to output the
pump control signal.

The gain controller according to claim 19, wherein
the output interface is further configured to output a
first feedback message to an optical amplifier con-
troller, or output a second feedback message to the
optical amplifier controller, wherein the first feedback
message comprises an actual gain value of the RFA,
and the second feedback message comprises an
actual gain value of the EDFA.

A chip, wherein the chip comprises a processing unit
and a communications unit, wherein

the processing unit is configured to perform the
method performed by the circuit according to
any one of claims 18 to 20; and

the communications unit is configured to per-
form the method performed by the input inter-
face or the outputinterface according to any one
of claims 18 to 20.
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